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Neutron capture cross sections (σn,γ) for a variety of stable 
and radioactive Eu isotopes are of importance to astrophysics 
for understanding s-process nucleosynthesis networks and to 
Science-Based Stockpile Stewardship (SBSS) for interpret-
ing radiochemical neutron fluence diagnostics .  Given that 
theory cannot predict σn,γ with sufficient precision (typically 
a factor of two difference between measured and calculated 
values is found) measurements are needed. Recently, the 
Detector for Advanced Neutron Capture Experiments 
(DANCE) located at the Lujan Center of the Los Alamos 
Neutron Science Center (LANSCE) has been commissioned 
as the state-of-art detector/facility combination to measure 
σn,γ for neutron energies ranging from thermal (0.25 eV) to 
~100 keV for a wide variety of stable and radioactive is o-
topes. However, suitable high-yield, high-purity target prepa-
ration methods need to be developed for these isotopes be-
fore their σn,γ can be measured. 

During this reporting period, the emphasis has been on 
preparing a radioactive target of 155Eu (half-life= 4.7 years), 
and several stable targets, including isotopically separated 
154Sm (important as part of the background determination of 
155Eu measurements), 151Eu, and 153Eu.  To date, a suitable 
backing material (beryllium) for the targets has been selected 
after careful calculations of its contribution to the back-
ground of the measurements.  In addition, a high voltage 
plating procedure has been developed and optimized [1].  
Stable targets of 151Eu and 153Eu and a target of natural Eu 
(~50% 151Eu and ~50% 153Eu) have each been plated to a 
mass thickness of  >1 mg/cm2 and delivered to the DANCE 
collaboration at Los Alamos National Laboratory (LANL).  
These targets have already been measured using DANCE 
and confirm that the target dimensions and backing are ap-
propriate for performing measurements on the extremely 
valuable targets of separated is otopes.  

In order to prepare a target of radioactive 155Eu, it must 
first be separated from the 154Sm target material that was 
irradiated with a neutron flux of 1.5x1015 neutrons/cm2/s for 
50 days.  The reaction is 154Sm (n,γ)155Sm (half-life = 22 
minutes) à 155Eu. Considerable progress has been made in 
developing a suitable high-yield and high-purity separation 
method for separating Eu from targets containing about 
twenty times as much Sm.  A review of the literature indi-
cated that a multiprocess approach in which Eu(III) is re-
duced to Eu(II) prior to separation should provide an effec-
tive and efficient means of separation from Sm(III) [1].  
While all multiprocess methods identified in the literature 
utilize a phase change (precipitation of Eu(II)SO4) to stabi-
lize Eu(II) and separate it from Sm(III), co-precipitation of 
contaminants severely limits the purity and yield of the final 
product.  For this reason, attempts have been made to de-
velop a multiprocess separation method that does not require 
a precipitation step. 

To date, a variety of multiprocess methods have been de-
veloped and tested for their ability to meet the design re-
quirements of >99% purity and >70% yield.  These methods 
combine an initial chemical or electrochemical reduction 
step using either Zn(Hg) or a potentiostat and a glassy car-
bon (GC) working electrode with either cation exchange 
chromatography and α-hydroxyisobutyrate (α-HIB) as the 
trivalent metal ion eluant, solvent extraction (SE) utilizing 
either thenoyl trifluoroacetone (TTA) or di(2-ethyl hexyl) 
orthophosphoric acid as trivalent ion complexants within the 
organic phase, or reversed phase resin chromatography 
(RPC) of a similar chemical nature to the organic complex-
ants used in SE.  Preliminary experiments indicate that:  (a) 
A multiprocess approach using α-HIB as a complexing agent 
for trivalent lanthanides is ineffective for separating Eu from 
Sm because α-HIB stabilizes Eu(III) even in the presence of 
excess amounts of the reductant; (b) A multiprocess ap-
proach using solvent extraction shows promise, indicating 
that 0.1 M TTA in benzene favors extraction of trivalent over 
divalent metal ions by a factor of greater than 750. However, 
the reduction step using Zn(Hg), when combined with the 
TTA extraction, becomes less effective at reducing Eu dur-
ing subsequent extractions and may also affect the stability 
of the TTA.  Use of the amalgam also introduces Zn(II) con-
tamination that must be separated from the Eu with addi-
tional solvent extraction steps.  (c) An electrochemical re-
duction step utilizing a GC inert electrode limits contamina-
tion and is preferable over the use of the chemical reductant, 
Zn(Hg).  However, (d) a multiprocess method combining 
electrochemical reduction and RPC was hindered by the 
presence of Cl- ions that complex Eu(III). The formation of 
Eu(III)-chloro complexes stabilized the trivalent metal ion 
causing the reduction potential to become more negative, and 
beyond the working range of the GC electrode. 

While results obtained from the current SE multiprocess 
method are encouraging, further refinement of a multiproc-
ess separation method should be possible by stabilizing 
Eu(II) with various organic complexants  such as bipyridine, 
phenanthroline and crown ether based ligands.  Unlike inor-
ganic complexants that are dominated by electrostatic inter-
actions, organic ligands like these preferentially complex 
divalent over trivalent metal ions due to hydrophobic interac-
tions and conformational changes that occur during chelation 
[2-4].  Stabilization of  Eu(II) causes the reduction potential 
of the Eu(III)/(Eu(II) couple to become more positive [4], 
making the reduction and the overall multiprocess separation 
method more effective. 
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